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DEVELOPMENT AND DEMONSTRATION OF NEAR-REAL-TIME
ACCOUNTING SYSTEHS FOR REPROCESSING PLANTS*

D. D. Cobb, II. A. Hakkila,
H. A. Dayem, J. P. Shipley, ●nd A. L. Baker

Sefeguarda Syncema Croup

Los Alemoa National Laboratory
Loo Almoa, New Mexico

ABSTRACT

A program CII dev?lop ●nd dmmonstrat? near-
real-t ime ●ccounting ●yscemm for reprocessing
plants ham been #ctivc ● t Los Alamos ●ince 197b.
lne technology hat been developed cl,rou~h ■od@l-
i na Allll ●imulattun of prucasm operation ● nd

❑ casuuement systems ● nd ● valuation nt theme data

uJlng dccibton ●nalyslo technique~, ASIWCCS of

near -real-t Ime symtems have beer demonstrated

ouccessfullv ● t the AGNS reprocessing plant ● s

parL oi ● jolnL Btudy of rwar-real-tim~ ● ccounL-
In#m

1. iNTRODIKT1ON”

●uork ●upportod undtr tnr US Department of

Lner@y-Oiflre of Safo~uarda and Sorurity r~eearch
●nd devwlo~nt prosrta.

● rr described. Future directirmti ●nd work to be

●cc.mal.lishrd in th~ continuinrr development of

NltTA #yntems ● re diocuaned,

11. DEvELOPMENT OF NUTA SYSTEMS FoR NATIONAL
SAFEWARDS

A. The ReferOnce Pl*mt PfflA Structur@

Fnr theom atudirs, thu reference rermocess-

ing plant is divided into four materiala balance
ar~aa (f4BAs): fuel rec~ivin~ ●nd ntorar~, rhop

and leach ● rea (MBA l); ch~mical •~parati.1.ls pro-
ceoa ● rea (MBA 2); uranvl-nitrat~ product ctorapc

6rea (MBA 3); and plutonium-rritrat- product
storafle ● rea (MBA 4), For bett-r lormlizatinn
●nd control, these MBAR ran he cubdividd furth~r
intn #ubMBAs, rcfcrr~d to ● n unit-procenn

acrnuntinu •r~an (UPAAS), I%- rhemictil nepara-

tionn prnc~-s ● rea (MBA 7) CaII b~ trrated an a
nlnul- I’PAA (r~farr-d to an IJPAA i 2), or it can

he subdivided into two (~PAA@: the cnrfecnntamina-
t ion-partition procenn (L!PAA 1) and th- pllltnnlllm

purificatinr proc~ns (IIPAA ?). Thes@ lk’1) llPAAa
● re shown in Figs. I and 7, rrnpect iv~lv. The

flow measurenrcnt scparatinz thaa? two l!PAA~ is
mm th- IMP otraam, which is th~ firnt ~eparatv~t

plutoniurn-nitrar? ntr~am in rh~ standard Puren
flnw ah?et.

● n ● alnsl- 11PM (UPAA I 2) by rmnbininr irr-
proceoo Inv?ntory ●nd flow m~anurem~nts trr form

a dvuarnic matprialo balance % •v~ry two davs,
On th~ •v~ra~r, und~r normal opcratin~ condi-

tions, =bI-lfz ●ccnuntahility bstchr~ (%!

tunnen 01 uranium fuel) ●nd I prod,lct bstch
(%10 kg of plutunium) ● r~ lrroc~s~~d rv~rv day.

Therefore, prncons loBic #uss@stn takirt~ ● mat~-

rialo balanc~ ~ ●v?rv twn dayn tn include ● n
integral number of feed ●nd product halctl~n.

smaller batrh-m, fnr .aample to hi~h-l~vcl want-,
● rc includ~d in the matmialo balancca when thp
■oanurommtn become ●vailable. Alt@rnativ@lv, n
mat~rials balance ~owld hc taktn ●round llpAA I ;

●fter ●ach f~od batch (% ●very U.fi h), if nn-

Iirrc flow ●nd cunceniration ●easuromcntn w~r~

●ddml tn the plutonium crrncontrator prndur t
nrrcam.



2. UPAA l--Codecontamin#tion-Partitionin&

Procaeee. A separste UPAA (Fig. 1) could be

formed ●round the codecontaminetion-partitioning
proceeses if flo-rate and concentration ❑ eenure-
❑ enta were ●dded to the intemedimce plutonium

product (lBP stream). A dynemic materials

balance can be formed for ●ach feed accountabil-
ity batch (every 9.6 h) by combining mesaurementa
of the concentration and volume of the feed
batch, the :oncentratione ●nd flow rateo in the
intermediate product, recycle, ●nd waete etretmo,
and the intervening in-proceos inventoried in the

proceec veseelo.

3. UPAA 2--Plutonium Purification Proceee.

Dvnamic materiala balances could be formed ●bout–.
the plutonium purification proceaa (Fig. 2), if

flow ●nd concentration measurements were ●dded

to the ●queous ●nd organic recycle atre~ms. Pro-

cess control measurements of the inventories in
protean tanka ● re ●vailable, ●nd the invantoriea
in the pulsed columns can be ●ttimated by combin-

ing suitable ●ngineering ❑odels with ●vailable

procefie data on flow ratea and concentration of

inlet ●nd outlet ●treamO.12,13 One of two
product ❑ easurement can be used: concentratio-.
●nd volume measurements in the plutonium ploduct

sample tank or integrated flow-rate ●nd concen-

tration meacuremanta on the prouuct stream of the
plutonium product concentrator.

B. Materials Accounting Meaaurementa in MBA 2

A varietv of mctsurementJ ● re included in

MBA 2 for conventional materiala ●ccounlinft.

These ❑easurement- mootly consist of tank level
and density, ●long with sampling and chemical

!nalynis, to determin~ th~ residual hnldup in the

plant at the time of ● shutdown, cleanout phvsi-
cal inventory. Such physicnl inventories can
only occur one- or twic~ per vear in a large

reproc-ssinp plant.
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Fifi. 2. Plutonium purification process
block diagraw.

Table 1 ●howa the additional information
neceaaary for NRTA. Mont of this information in

●lready ●vailable frcm ●xiating, or upurad?d,

protean instrumentation. In ● f~w inatanc~e,

●dditional instruments ● r~ needed, ●ep~ciallv for
rm-lin~ meaauremente of concentration ‘

etre~mo. These measurements ar~ obtain~d hv nd~~
ine nrindootructive mearurementc, much an x-rav
flu reacenc~ or x-rav ●h~orption--rfpp den~ite-

metrv, to ●ppropriat~ sampler linen from thr
proc~nao

Effectiveness of Mat@rials Meanurem@nt and

* 11 summariaea tlw ●ffec- .vrnres nf

NRTA in MBA 2, ae determined for th~ r~ferencr
proceaa uains computer-bawd modelin~ ●nd simula-

tion techniques. A rang~ of uncertainty (onr

meterialo-balance standard deviat inn) is giveu
for the chemical ?eparationa prorece ov~r variou~

accounting periods, The c~oea conaider?d ranlte
from beet-caoe ●stimacen of pulmd-column 111-

procena inventoried (5%) with two-day roc~l ibra-

tiona of feed ●vd product flow ●nd conc~ntratinn
measurement (to control corr?lat~d ●rrorn in the

transfer measurements) to wor-t-case ●Btimatea
of pulsed-column in-proceaa invcntori~s (201)

with no recalibration of tranaf?r m~anurcmmtn

over the accounting p-rioda, me div@rcion-
detection amnilivity ia usually quot~d as a
Riven number tim?~ th~ matprials-halancp ntnndorrl

deviation; for cnampl~, 3.3 n cnulff correnpon,l
to a 95? probability el detmtin~ a nisnificant

diveralnn with a fals?-alarm prnhah{litv of 51,

Th? reeulta in Tabl@ 11 clearly lndic~t- th~

improved aeneit{vity to short-term div?rninn prn-

vidcd hy NRTA eyst~mm over conventional account-

in~ ●yatemo.
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0, h, YY in Ptatq
208 I PuIL

U, Pu, rm~idual PP in or~anlc
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LI, PU in ornanic, h i~antnlv

U, Pu in or~anic
●il.1 # PuIL

U, Pu in oraanic
0.01 s Pu/L

U, PU. raaid.al P’P in nluI~
600 L/h
9 # PU/L

U, Pu, rcsidusl PP in HIMY
3 @ PUIL

11, p“, r.aidual ?? im ●qumum,
orpnic phawo; PU inwntorv

U, h, raoidual PY in HVWI
!00 L/h
dO.1 c Pu/L

u, Pu, tracm FP In ●quaoum,
ormsni. pham-m, ?U inwncorv

t!, Irac* PU in ●slwnt
130 L/h
Trace Pu

u, PIA, trace r? in ●queoum,
mrnmnic Phmman,Pu inwntory

u, ml, traco YP in rrrtrq
?1$ L/h
COml @ pull.

U, Pu In ●qu*m m, or~nnic
Phaamm:Pu inwr ,orv
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IOJ L/h
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Pv in or~anic *at*: Pu

inwnlorv

Coarmtrat. d pluloni= nitrsto
230 c Pu/ll
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TA2.LE I I

EFFECTIVENESS OF HATERIALS ACCOUNTING
Iti THE CHEMICAL SEPARATIONS AREA (MBA 2)

a

“wlw ‘atewe%ynce (k; Pu)

1 balance 1/2 davn ?.1-2.4

1 wk 1/? dayn 2.5-2.8

2 vk l/2 daya 3.n-3.fl

1 munch 1/2 davo 4.0-5.7

3 months 1/3 months 7.5-14.0

h montlle 1/6 months 1 >.O-26.R

1 yr l/yr 21,R-5?.7

—.
‘Materla] s-balance standard drvintion~ fnr
accountin~ periods <1 month are based on in-
process inventory meant,rempnts while the prnrrsn

is operatinfi. ~at~rialn-tralance ntnndard devi#-
liunn Inr accollntirig perindn >1 month nnaume
a sllutrfoun anti cluaII.uIL phvsical inventory.

IIIaLUriaiS-bnl#nCe data for ●ach MBA. Th ●

;llHpeCtor rnU@t Vi.rilv Lhat Che operator’s data
are valid ● nti Cnmpll?tr, and that materi~l
unaccounted ft~r (NIIF) in sufficiently clone to

zero, Inapectnr verificatin.1 activities inrludr:
(1) examination of safo~uards-y~latrd information
provided by the Stntr in rvportn nntl mnintainrrl

ML the lacilitv in rrcords: (2) collpctinn of

independent inlormatit]n hv thp IAEA; ●nd (3) rom-
parinonn of the lnfnrmnt ion tn estnhlinl) th~ rnm-

pletenuas, ●ccurarv, and validitv of tll~ Starr’s
accounlin~ data.

The IAEA vrriliratinn ml the oprratnr’m
nuclear matvrial~ ●rc(~untinp nvntpm ia hasrd on

vnaminnt ion 01 the matrrlnln hnlancen wirh
renpect t 1) div-rninn h idd~n hv m~n~llrl.ment
tlnrrrtalntirs ard divprsion hidJrn hv fnlsi(icn-
tit)n mf op~rator’n data,

I)ivrrsion hidrtrn hv mrnnllr~mrnt llncrrtain-

tio~ in plt-~lhl~ hec~tlsp of the statistical
Illlrrrtalnlv ()[ th~ WI’ ralclll al inn. 11 i~ impnr-
Lanl that mvnnut’rmt.nt unrrrtninticP h~ r~duc~d
t,! decrwneu tlirnmt$unl that tolild b- rlivrrtod,
but lhfit Ihp Fstimmtv ,If mPanwrPmPnt wncrrtnin-

Ilwn bv rrallstir tu mainfaln falOP-i31a~ rat~n
● t ● n ●cceptahlr ]Pvrl,

(:vnrprnn with dlvrrnil}n hiddpn hv falniflc#-

tlon ut upcrator’m data fall Intn thIoo ratc@Or-

IVB:

(1) un,lrratal~mcnt of inputs,

(2) ovrrntat~mmlt of outputn, and

(3) uvvrstatcrnent of th- cwrrent inventory.
LJala talnllicalionn ● r? corr~latpd from nno

MLIA to thu ●djacent MBAn. Thws, an ov~rmtmtm~rrt
of outputo irom on? FIRA will rcnult in an nv~r-
otmt~mon~ nf inpwtm to th~ n?nf MBA. D?L~ctirrn
01 divorcion .n on- MBA d~pwtdn on ●d?qwacv of
mafrlwmrtfs in ad)ac~nt t4BA@, and :urr?latinn of

voriflcation •ctivlti?~ amnna MRA6 ic important.

B. Key Yeasurment Points

The inspector must v~ify each key meagtjre-

ment point (KW). He mav participarc in rhe
operator’e meaeurenrent cortrol promam Rid emplnv
surveillance (both hummn and in~trumental) of the

operator’e meeauremenr procedure. The in~pector
examines the operator’s and his own materinls-
accounting datn to obtain an aasurancr thst

diversion h~s not occurred. Continuncs lAt?.4
inappctor prea~nce and nn-nite IAFA l~hnratnrv
facilities are anticipated at lar;r rpprocrsninp
plants.

A complete diacuaaion of KttPa, strategic
points, ●nd inspector-verification activities in

given in Ref. 2. A brief diacuaaion is given
hera.

1. Tnput Mea@ur@m*nt.z. l%- thrm~ inp,,r
mea~!lremcnts tn MBA 2 are t+e feed nrcol,~tah;litv

tank, the plutonium product r?cvcl~ tank, snrl rho
uranillrn rework tank. l,ndcrptar~ment i~ n rn~cern

for the fir-t two mens~lrmrnt pfiirtn, rnn~,~v-
tinnai 171RtPrialn nccr!llntin~ in F!RAn 1 nnrl A msv

he insufficient tn meet thin concern frnm th~
viewpoint of a-nsirivitv nnrl tlmelin~s-l :hore-
fore other safeguards me~nur?n mav be req!lirm#.

(See Ref. 1 fnr a rlisrll~sinn i-f rhp role of rnn-

tainment and aurvrillanc~ in the inte~rated snfe-
gua-rts avnttm. ) l,nAP,.tntPm~~t nf inpllts nt thr

●ccountability tank chn rpgtllt frnm imnrnnrr
concentration measuremcrttr or thrntlph !lndrrststF-
menc of level and d~nnicv m~as,lrempnt~.

1. InvPnrorv ~ranll~~m~nt~, I%,prmtatprnnnt
ia A Cnnc@rn at thr fol lcwi~nvmntorv me,qq,lrr-

mcnt point~ (a~~ I.ips, I and 2):
(1) fretl ●dlllnt rankn,

(2) IRP mwrpp tnnk,
(~) HA fwrl tank,
(L) 3P cortr~ntrator,

(t) W column,
(6) IR rnlumn,

(7) 2A column,
(A) 2R column,

(9) 3A colwrnn,
(10) IR rolnmn, and

(l]) IPS rnlmn.
HSanuremmrs ●t th~cp points rr~ lla~d r“ ●pt{mnte

the {n-prrm?aa invmtrwv for mr~r-r~ml-t im~.
matFrial* ●rrnnntlnr. ~iverminn of mareriml at



these pointe may be more difficult than at the

flow KNPs because process constraint limit the
amount of material chat could be contained in

these veaaels and because removal of material
could result in column or proceso upnet.

c. Effectiveneaa of Inspector Verification

The inspector’s problem of detecting falai-
tied data aid diver~ion hidden by mea”aurement
uncertainties can be addrenaed by ●p 1 ing the

stati~~ica~f,~l Theinspector’a sufficient
performance of these otatiatics in detecting

abnormalltiea was evaluated for t4BA 2 over ●

range of diverted amounto. The analyoea aaaumed

chat the operator could falnify the data uning
an optimal data-falsification stratepv, ●nd that
the inspector ●ither has ● measurement method

with uncertainty comparabl~ to the operator’a

method or can verify the operator’s measurement
and uae it ae him own.

Table 111 ahowa senaitivicies of the

irrnpector’a sufficient ~trtietic to n diveroion
of 8 kg of plutonium over various time periodfi.

If the inspector uses onlv hia own datn in tent-
ing for m,.rnnirm materinl without r~gnrti to

operator falsification, the sennirivitv of the
:,napector’a sufficient ntatintic to mianing

tcrial meets the IAEA goal for detecting abrupl
diversion (IJ kg of plutonium in 7-10 days). If
the inspeclor haa nnt independently verified the
operator’a measurements, and winhea to UB- them

in hla analyaio, then he must use a atatiatic to
test for datn falsification #a we!l an diversion

●nd accept a ulightl) reduced aenaitivit,.’,
The protracted diversion ~oml (8 ku in one

year) cannot be ~chieved with 95% d~tection
probability and 5% f.ll~e-alarm probability hy any
colwentional (jr lcar-real-time ayatem ba~~d on
current or projected technology. This divere.ion
rate correaponcla to WI.05% of throughput for a
1500 tonn@/vr plant. This value ia unr~aliati-

cally low for any current or contemplated aufe-
Muarda system, Hnwever, a atatc-of-th~-art cnn-
ventinnal ●ccounting svat~m nhoulrl he nenaitiv~

to the diver-ion of a few tenths of a n~rcrnt
(<0.S2) of thrr)uphput ov~r n l-vr p-(ind. Th@
N~TA cnmpnn~nt of a ntat~-of-th~-art accnuntinp

svutem wil 1 det~ct similar I@vPln nf divrrainn

TAB1.E 111

SENSITIVITY OF INSpF.(T(_NI’S sllFFI~lFNT STATISTIC

HBA ‘i

With No
F’alai! ication

with Optlmul

Falnificatiun

7 30 _ I m-l Ifin—.

0,97 0.0? 0.75 fl,~o

0.94 0.75 0,20 0.17

ab?~e~[on rIf H ka, [).05 falae-alarm prnhabil-

ity,

TABLE TV

lo~~ ~TNIRUN DEsCRIpTyIIN

No. Purpone—

1 Shakedovn

2 Shakedown/banel ine
run

? Annnunc?d diver

aiona (all partit=a

infnrmed of diver-
sion timing)

4 lfnannnun~pd ~iver-

aionn (accnuntinp
pernnnnel not in
fnnrwrl of timine)

5 DOE contractor
demonstration

Special Teat Activities

ProErmn debugeing:

Column inv~ntorv eWDer-

imen t

Accumulating of nteadv-
ntnte dnta

17 abrupt (hntch) tfiv~r-
nionn ransin~ from f to

n.25 kp of urnt?iurn:
4 prntrnc~d r~mnvalp,
●ach -f 16-h rluratinn
with rare~ from O.? rn

0.6 kw/h @f !Irsnilm

7 nbrunt rmnovslp nf

0.?, O.~, nnd l.? kp
of urnnillrn: ? nrn-

tractd r-mnvnl~ nf
0.< kp/hnf Itrnni!lm,

●arh ‘ll?-h duratinn

1 abrupt rmnvml of
0.?5 kp of uranium:
I protracted remnvnl nf
0,85 kplh of uranium

for 16 h: relumn in-

wntorv ●xperm-nt

ov~r vhnrter time periodn, ~in means that the
potential rfivertrw’a atrar~pv ●rnin~t the rnm-

hined accounting ~yatem in aw~re;v r~ntrict~d,
●ith@r to open aeizur~ nf nilc]~ar mmt~rinla anti

facilitiPn or tn ●NtrPmFlv lnn~-term, lnw-rnt~,
ren*aterl rliv~raionn invnlvins rnmnl~x nnd
difficult-to-mmintai n cnnccmlmmnt ~trat~pi~=.

IV. DFWNWTRATiOF OF NltTA AT At:NS

For ace~prahilltv nf nenr-r~sl-timp arrnl\nr-
inn, the ronc~rrtn d@#crih@rl ahnvp mllst ha ~@mnn-

atraterl in n r~al nlnnr ●nvirnnm@nl . A rir~r

ntep teworr! thin demon~tralimn in b@in@ t#k@n in
a fnint fxnprim~ntnl Drnprnm ~,~inr rnndllrt~d nt
the AGNS RNFP, R-n

A. Hinirun hacrintion

Five minirun ?up~rlm~ntp wmre pcrfnrmed 4t

AGNS durins IWO with particip~tien hv I,on A!nmos
National Lnhormtorv to d~monatr~t,. NRTA nnrl hv

Oak Ridu- Natlonml Lahnratorv t,! d~mnn?tratr
prncwna monitorinp,77 Tahlp IV #ummariz@@ th~

purpose and ●ct{viti~a of e~ch nf th~ flw runr.

Demonstration nf NRTA at ACNS rmuirerl thar

WF devalop an ●stimator for pulnetf-column in-

proc~aa inventorial, formulat~ mat~rialm acctnlnt-
in~ atrat~~iaa, ●nfl rlwelrrp cmfinut~r prnRramn tn

●cquir~ ●nd ●nalvze t!e m~anur~m~nt dntn. bh
dcv~lnpm! rh~a~ prnmrama ●t Lon A!amnn #nA, w~th

the Puppnrt nf ACN9 p~rnnnn~l, impl~mentd thfm

nn th~ ACNS comrtutpr avatm,7f



,..

The minirun cycle (Fig. 3) consists of four

pulsed-column contactorn (2A, 2B, 3A, and 3B);
one packed column (3PS); a product evaporator (3P

concentrator) ; and seven product, feed , and

blending tanks. Support syntems include aqoeoun

waete tanks, a wamte evaporator and ncid frac-
tionator, a solvent nurge and recycle tank, an
off-gaa ayntem, and ●aoociatecl process and ch@mi-
cal distribution #yetema. This repreaenta a ~ood
crono nection of routinelv used plant ●quipmmt.
Unirradiated natural uranium is und in place of

plutonium for the teats.
The normal starting inventory for each run

wan 400-500 kg of uranium. After attaining
equilibrium, a “process holdup” (pul~ed columns,
linee, proauct evaporator) of ●bout 70-75 kg van
observed, with the remaining material distributed

among product tanka. Acid waate atreame were
collected in the acid recovery ayatem throughout
each run without recycle. These streams repre-
sent loafiee from the uyetem that varied from run
to run, averaging on the order of ]00 k,q for each

run.

. WmaurernentsB
Mvaauremcnt datn from the ACNS procean-

control instrumentation, including eati~,lates of
preclaion and correlated meanuremmt uncertain-
ties, were rec~ived in a data fil~ (ARANCF) everv
hrxr. Sample data from the analvticml Iahoratnrv
wer~ ●dded tn thr ARANGr. file an thev h~cmne
availabl~.

The meaauremeut data included volum-a ●nd

concentratinnn for proceso tanks and flnv rate-
n nd concentratinrrc for I..rocenR ctrramn. Th a
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Fiat 3, AGNS minirun block diaprarn.

meaeurwnent t, pe* and lncatinne are ehnwn in
Fia. 3. The level and den~itv in each nf thp

process tank- k._-- m~abllred ugine dip-tuh~ mano-
meters. The dip-tuhp mmom-rers were cnlihrnted
autnmatickllv under comnwter control ~ fince
per nhift hv comparison with s hieh-nr~ci,nion
dipital mnnrmneter.7& Th ● uranium cnncentre-
tionn in tanks and orpanic prnri:jct strenms wr.r~
calculated from on-line densitv, temperature, and

free -~cid measurmnents. S~mpl en were taken
periodically for ch~micnl nna;vsis frnm the lRP
aurg~ tank, the column product streams, the wnste

atreama, the solvent feed tnnk, ~nd all feed nnd

product batchea. Flow rnten nf all organic and

aquecu a inlet stream werr meaaurerl hv procenn

flo~~te?a.The 2AF flmw rate wan meaaur~rl uninp
a meterinp hendpnt.

c, Analvaifl Propramm
Three computer prouramn (RAPAR, FIWW.L, nnrl

DECANAL) were develnppd F! I,on Alnmo~ nnrl tran~-

ferred to AGNS for analvzinp minirun mcasllrpmpnt
data. RADAR ia a utilitv cnrie that r~ads th~

measured data from ARANGF And perfnrms minimal
fonnattinp ●nd data checbine. RADAR th~n writes
the input m~anwrernpnt dat~ filp for the FIWNF1

propram. FIINN!U, waq written ~p~cifirnllv fnr the

ACNS minirun process. lt ip the expcurive n~n-
.arnm thnt forms mnterial~ balance-. Tt alsn
allows the Ilser t (I s~l~ct fmr nn~lvsim cl~ta
❑panninr particular timr meriod~ mnd to ~~l~rl

anv of s~veral UPAAR cnverins diff~rent nr~np of
the rwnc-sn. FWNFI, calrulares p~timsr~p of th~
pl,lsed.cnltlmn in-process invrntmrv, rheck~ for

uncoverpd din tuhrs, flne~ ,lnr~as.>n~ble men~llred

vallles, and trncke multiple hntcF, transfers. lt
al~m huilcls tnhlps of th~ rsw mt=nsl?rwnmt rf~ta,
wh{ch nr~ uapri to irlentifv and ●xplnin nnnmnlies

aurh n~ pll)ur~ri prnhrp or other fnlllrv m~nslirr-

ment :. For m np~cified IIPAA nnrl timp perind, th-

F(’NNEI prrmrnrn comhinep the rnw mpn~wred vnluPP
to calculatp net tr~nsfers, in-prncrns inventer-

ien and their ntatinticnl llnt~rtainrie~, nnti

trannmitn thrm tn thr rleci~inn annlvs:~ (lIFrANFl,)
wcka$e fnr analvnin,

The an~lvsis mpthnda ● re incorporst~d in tn~

cmnpwter propr~m I)ECANAL, ?% which raleulqres
nufficienc Etntinticn containing all n(,enufitirrr
information, oetn der.ninn thrr~hel(!~. ani cnm-

Baren these atatiRtiCR te thr thre~ho!rlp in tpnr-
i rrg for lnnnra,lL-?n The ~FCANA1. nlltptlt

inclurl-s varinua pra~hical d{p~lavn, swrh au
alarm charm, thfit indirst~ th~ l{l:plihoed nrrd
lnc~tinn of dlv~rminn, and rlnrs of v~rioll- nrn-
tintlc~ that entimnt~ r),? nmnurtr.

Pntn frnm ?ach IIPAA wpr~ ●xamirr~d bv W’rA~~l
tlninp a twn-nr~p d~terrinn/anP*nmmPnr prmr~dtlre,

In th~ rl~ret-rlnn mnd~, mmrorinls-hrlanc? nnd
~PRIW plerp wor~ frrmfurccl fnr n~l~rt~d timr
int~rvmln, #lnnt with t~hl~s nnd nlnr~ er
mraollrrm-nt (fnt- from @Pl@rterl in~rrllmmmtn.
Th@~e tfst~ w~re ncnnn*A fnr •v{d~nce mf pro~n~lr
nutll~rp nr trrndn, Tf nlPn{f{cant lnm-~m of
urnrriw,n werp indirntmrl, all the availnhlr dntn
Wml p inventi~atwl ●nd alnrm rhart~ w~r~ p~n~r-

ated, In the amn~nnment mode, all auhmonumnc~p
of data frnm nd{nrmnt nnd ovmrlappinp llPAAn uer~

tenteA ~t variou,t I-v*IR of p{pnifirnnre, Th @



most significant aeque,lce of mnterfale-balances

wae identified, and tFe arnounc, time, And loca-

tion of tha apparent loss were determined from

that eequence.

D. Puleed-Column Inventory Estimation
Under normal proceao conditlonrr it ia nor

poaeible (or at leaat nor very convenient) to
meseure the in-proceoe inventory of nuc lear

material in the pulsed columns. However, ●eti-

matea of the in-proceaa inventory can be

obtained, if flow-rate and concentration meaeure-

mente are available on the column inlet ●nd out-
let streame.

The eyacems atudiea of near-real-time

accounting ,2 ehowed that eatimatee of th~

AGNS column inventoried to 10% or better should
be adequate for aenaitive detection of loaaeo.

Under the aponaorehip of LOO Alamoe, with parti-
cipation by AGNS, General Atomic Company, TOW#
State University, and Clemeon University, tech-

niques for ●stimating the inventnrv in the
pulsed-column contactora were developed.l?~l~

Flow ratea of all inlet etreamn are moni-

tored to control the columnni For imprnvrrl con-

trol and for NRTA, the conce~trationn nf nuclear

materials in the feed, product, ●nd waat- ntr~mms
qhould also he rnearrured. Theac m~a~urementa can

he used to estimate the in-process inv~ntorv nf
nuclrar materiala in the culumne. Th~ form nf

the estimator is giv~n hv

H = HfC[
+ ‘PCP

+ HWCW , (1)

where H ie the total column inventory and Cf,

cpl and Cw are meaaurcd concentratiortn in feed,
product, ●nd waate otreama; Hf, Hp, ●nd ~ are

constants determined ●xper imentally tad throush

●ngineering models for ●ach pulced column.
Experiment ●t ACNS during run numbers I and

5 indicate that thr column invrntory ●stimntes

nr~ poud to 5 to 25% for individual columno and

tu about 10% fur th~ total uranium inventnrv in
all four pulsed columns. Thea@ column inventorv

experiments conoieted of drninine the columns
into holdins tank~ at the ●nd of the minirlln.
The ronccnts of the holdinu tankn w~r~ nampld

and nualy~ed for uranium, ●nd th? m~aawrrrl !lrn-

nillm Inventory wae compared with th~ ●ntimat?rl

inventory for ●ach of tll~ cmlumna.

‘~~~~i~~v@ral UPAAn with nver-
i,ppin~ hr)undarien wan d~sirahl~ ●nd pon~ihle

hecauae ●t certain pninte in tlw proc~n~ th-re

were redundant me~nwrmtentm. For ●xampl~, th~
IBP tank drop-out rat~ ●nd the 2AF atr~mm henrfpnt
flow meter botn meawrc the 2AF mtr~em flm rat~.

Llkewia~, product aolutionm can he rneanurd in

th? producl catch tank, the product namplc t~nk,

●nd the product ntorau~ tanka. Materialn-halanc~

data from overIappinp UPAA8 and r~dunrfant

meeourementa werr uecful in detectinp and lnc*l-
iainp Ioaces ●nd in mainteininu crrrrLtrtuity whrn
therr were m~aaur~ment problems.

The five UPAA@ moat often ●nalyaod ● re:

1.

7.

3.

h.

5.

Full Proceae UPAA - includen the entire

closed 100P of the plutonitlm mlrificn-
tion procene, aa qermretifmrth~M;ni-
runa :
Column UPAA - ieol~t~s the cnlumnn into

a single ●ccounting ar~s hmund~d hv the
lflP tnnk nnd the 1P concentrator:
IBP eurge tank UPAA - isolat~e th~ lRP

aurg~ tank bouncf~rl hv th~ plutonium rt=-

work tenk nnd the ZAP ntrram;
PPP UPAA - inrludee th~ columnn anti th?

3PS concentrator wjth hourtdnrjes at th~
lBP nurpe tank and the PU c~trh trrnk

(alternatively, the cacch tnnk can he

included in the UPAA, and th~ samrl~

tank cnn be uxed for th~ nutput tranafer
measurement): and

Tank UPAA - iaolnte~ anv sinul~ rank in

the protean as n aepnrnr~ UPAA.

F. R@nultn

s~mple NRTA rPRll]rS rrhtsinprl d!lring mir?i-

rwne 7, b, and 5 #rQ ~hown iv Finn. 4-7. rMtn
annlvnis ueinp th~ mnteri~ls-hnl~nr~ nn~ t~~
CIISIW nratintirn nrp inrllld~d in th- ●xmrmlr#.
Fach fipt:r~ nhewa plot~ nf th- tpsr qtmrf=tir and

the cnrrenprmrlinp alnrm chart. I?nch t~~t 4rn-

ristic in plotreti nmupnrinllv in rime wfrh 1-

● rror hmrn. The #larm ctart is a pnifir Pint nf

initinl tim~ vn finnl tinw fnr enrh atwtllenr~ @f
mnteriala balanc~ tiatn rhst cnumd nn alnrm. Th ●

pnaition of ●rich pninr on rh~ ch~rr inrlic#te~ the

tim~ period ov?r which earh slarm orrurred. Tb p

rniunificmnce of ●arh almrm in indicated hv rhe

plotting nwnhnl. Th@ lertern A-C nrr uewl tm
indicate incr~a~inp level of Pipnificnnc*. Thus ,

the chnrt inrlicar~n th~ r~l~tive impnrtnnr~ mf

almrmn and helpn to localize them in tim~.
Fi@ure 4 ip n mmterials-hnlnnc- nnd al~rm

chart for ● fitatic otornr!r tank d!irinp minirlln 1
rw~r ● perind when a n~rien of mbrunr iiv~rsinn

tents (5,2, 2.fI, 1,7, 0.65, and fI.26 kr of urn-

nium) wna cnnductd. The firnt and p-efind

div~rnionn callaeri @ianific#nr nlarmn, wher~~n the

oth~r thrw rpmnval a did nor u~n-ratp nnv ni~rmn
hrcawa~ thpv u,r~ nnt nratintirallv nipnificanr,

Ths ●atimat~ri amnwt of mnt~rial in thp firnr twn
divpreionn in A.fl nnd 7.1 kr, r~sprctiv~lv. T!l r
tliff~rencp hetwe~n th~ ●ntim#t~d Ie#p nnd the

tru~ ln~n r~nultm from rliff~r~ncen hctw~~n the

chemical nnalvsin nf rho rlivert-rl mprcrinl mnrl

th~ nn-lirw cnnrentrat{nn m~am~lrmpntr fnr the
ntnr~p? tank.

Fipllr@ ~ nhnws mnl~rinln-hslanr~, CIWl~, nn~
CIWIIM alarm ehartm fnr annth~r fnonntatir) diWr-

ninn dur{np minfrtln 3 frnm a nrrrrnrp tnnk, Thm

CUSIW almrm chart nhnwn numernun, highlv pl~nif{-
cmnt nlnrma reprpa~ntinp Inns aeall~rr~s mf mntc-

rlala balancp data. Thin indicmt~n that n nre-
tractd tfiv~r~inn t~nt nrrurrml h~tw~rw 17nfi nn

7/17/Rn ●nd OQOfr on 7/18/R(l, r~aulti~tm in th-

removal nf A.1 kp of uranium. ACNS rwcwrl~ Iarer

showed that 3.6 kp of uranium wan rpmov~d h~rw~rn
17W) nn 7/17/80 ●nd ln55 on 7/lRIRO,

ri~ure 6 ahnwn mar~rial~-halanr~, WSPM, nnd
C.IISUM ●latm rhartn fnr thp rnlwrnn IIPAA rlurinp a

10t)-hnur tim~ p~rind nf mlnlrun 4, ThP nltlv
prominent featwrp in the mnterialn-hnlanc~ rhart
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FiE. 4. Tank 305 (000(1 7/17,’ 8(1 - 1700

7i17/80: materiala tr,lnnce chart

(upp~r), m4terialn “~alance nlarm
chart (lo*r).

contiiata of three balnncea z5(l houTa into the
run. These balancca result from a cleric~l ●rror
in reporting ● uranium product-concmtrat ion
analyain. Thrae aeparat~ poaitivc trends arr
apparent in thm CUSW, corr~aprmding to two pro-

tracted diversion testn from intermediate column

product atrcnma (2O to ~0 hourm from 211P ●nd Ml
tu 100 hnura from 3BP) ●nd ● rapid IOBS of ura-
nium to ●cid waat~ (j~ to ?n hour~). Thr ●14rm
chart ahowr thr~e cluatero of ●larmn correnpond-
inn to theo~ divaraion t@atn. All thr@c trmdn
pteducsd hiuhly aipnificant ●larms.

Figur@ 7 ahowa ● CIISIM ●nd itp rorreaponrl-
ina ●larm chart for th~ rolumn UPAA (AF #tr@am

to 16P ●tr?am) during minirun f. DurinR thin
time period, cmae prnbleran w~r? ●xperime~d with
th~ 2AF floumcter; v~t UP wr~ ●ble to drau
matariala balanc~m about this [IPAA hy uminn the

IBP tnnk dropout racetnrteadof the flom?t~r
to det~rmine the input trannfer to th~ UPAA,
Thim illuatratea th@ importance of includinR
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Fig. 7, Column [~PAA (? IVI() ]]/lq,/Rfl - l~5n
Ilf?l; tlfl: ru~tlm chart (upper”l and
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:ril ‘ificantsp,pn:”~~~o~
overlappin~ [lPAA houndnri-n and rprlundant men-
aurements in the design of NRTA nvstems.
CIK1’q shown a significant trend

pendlnR alarm chart lncl!cat~a that the mn~t plr-

11/lQ/RO) nnd ●nded at 2q bourn (rIAOr! 11/2n/mn).

FINAL TIME

Fig. 6. Column [1PM (0700 9/4/00 - 12t)0
9/6/80): materiala balance chart

(upper), CUW?4 chart (middle), ● nt

CUSU?I alarm chart (lower).

I)urinc that time WP entimatcd thar 2L Ill? rlf
material wsa diverted. AGNS r-cordn lmter indi-
cated thst 21 kR nf material van rwnov@rl from :he
IBP tank dwri.p the pcrind OrInn on 11/lnlnl
thrcuRh 011$ on 11/2fi/Rl.

v. CONCLUSIONS AND FUTURE WOP.K

A, Cnnclunion9
Suh@tantial propre~n hnn

dev~lnpin~ ●nd demonotratinu
avatemn for reprocaaaina plsnta,

the AGNS minfrunn show that thp tcchniaue of
n-ar-r?al-tim- accounting for nl!cl~nr nlatprial~

cm dat:.ct Ioaaen from th~ proc?n~ ar~n of n

largenuclefir fueln rPproceaainE plant. ~h?
minirun experiment~ alao show thnt thr functionp

●nd in-plnnt eyatmna of NRTA and proceaa crmtrol
are compatible ●nd mutually aupportiv~.



Ueaeurements of flow rates and concentra-

tions ● re needed on proceee .stream.s, including

wemte etreemn, thet crons ●ccounting area bound-
●ries. Smme of these meaauramenta can be

obtained fran proceaa flometers and instrumen-

tation on ●djacent process veaaela. A few
❑aaauremente at flow key measurement poinca

require the placement of nondestructive imtru-
mentation on available sample linea.

In-proceaa inventory neaaurementn and esti-

mates for procesn tanka and vessels usually can
be obtained from available process control data.

These ❑easurements in general need not be aa

accurate or precise and may be made lese often
than the flow measurements. Estimates that are

aaciafactory for NRTA by combining flow and con-
centration meaauremantu on inlet and outlet

ntreama with pulsed-column models :an be made of
the in-proceaa inventory in pulsed columns.

Overlapping UPAAa and redundant measurements

●re helpful for ayatem reliability and for
localization and detaction of !oseee.

Computerized analyeis and display method~
geared to eaae of understanding and interpretin~

the data and the status of the procees are
neceaaary camponenta of near-real-time eystema.

B. Future Work

The reprocessing facility is an intaRrated

whole, ●nd the aafeguarde system must address the
entire facility. Further in-plant testinq of
NRTA ia required throu~hout the ●ntire process

co refine the technique, particularly the uee of
data fram on-1 ine instrumentation. Protean

monitoring data generally ● re sensitive to RIIMII
changes in proceaa tanka and columns and should
be better integrated into the overall system.
The final integrated system must be teated in a
“hot” facility.

The credibility of theee systems for inter-

national oafegllards must be demonstrated through

teata jointly with the IAEA. These teata are
neceseary to develop epacific inapectu~-verifica-

tion methods for near-raal-time e.yatema and to
avaluate the overall sensitivity to diversion.
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